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OBJECTIVE — Moderately elevated iron stores below the levels commonly associated with 
hemochromatosis have been implicated in the etiology of diabetes. Studies suggest that iron 
status (measured by serum ferritin) differs significantly according to sex, but inconsistent find- 
ings have been reported. Our aim is to test the association between serum ferritin and the 
prevalence of type 2 diabetes and fasting glucose concentrations in a population-based, multi- 
ethnic, cross-sectional study including men and women of African Surinamese, South Asian 
Surinamese, and ethnic Dutch origin. 

RESEARCH DESIGN AND METHODS— We analyzed data on 508 ethnic Dutch, 597 
African Surinamese, and 339 South Asian Surinamese aged 35-60 years. Type 2 diabetes was 
defined as a fasting plasma glucose level >7.0 mmol/L or a self-reported diagnosis. 

RESULTS — Serum ferritin was positively associated with type 2 diabetes and fasting glucose, 
but differences in the associations according to sex were observed. Serum ferritin concentration 
was positively associated with type 2 diabetes among women in all ethnic groups (odds ratio [OR] 
ethnic Dutch: 1.07 [95% CI 1.01-1.13]; OR South Asian Surinamese: 1.05 [1.00-1.10]; OR 
African Surinamese: 1.05 [1.01-1.10]), but not among men. Serum ferritin was also more 
strongly associated with fasting glucose in women than in men. Moreover, the magnitude of 
sex differences in the association between serum ferritin and fasting glucose, but not type 2 
diabetes, was more pronounced in the African Surinamese group than in the other ethnic groups 
(P for interaction <0.0001). 

CONCLUSIONS — We found a positive association between serum ferritin and type 2 di- 
abetes and fasting glucose in our multiethnic population, which appeared stronger among 
women than men. Further evaluation of the variation in sex differences between ethnic groups 
is warranted, particularly among the African Surinamese, to understand the mechanisms behind 
these sex differences. 
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Moderately elevated iron stores be- 
low the levels commonly associ- 
ated with hemochromatosis have 
been implicated in the etiology of type 2 
diabetes (1-3). Although a mechanism 
linking iron concentrations and diabetes 
is yet to be established, it is known that 
iron is a catalyst in the formation of hy- 
droxyl radicals (4), which may contribute 
initially to insulin resistance, subse- 
quently to decreased insulin secretion, 
and ultimately to the development of 
type 2 diabetes (5). Animal models sug- 
gest that iron excess may result in (3 -cell 
oxidative stress and decreased insulin se- 
cretion (6). Levels of serum ferritin, a pre- 
dominant iron-storage protein and a 
biomarker of iron stores, are elevated in 
persons with prevalent diabetes as com- 
pared with nondiabetic controls (7) and 
correlate with impaired fasting glucose 
levels (8), an early marker of type 2 dia- 
betes. In addition, several cross-sectional 
or case-control studies and two prospective 
studies have identified an independent as- 
sociation between baseline elevations in 
iron stores and the occurrence of type 2 
diabetes (2,5,9-12). However, several 
questions remain unanswered. 

It is yet unclear whether the associa- 
tion between serum ferritin and diabetes 
differs among men and women. Some 
have found that differences in iron status 
exist according to sex (8,13-16), which 
might have implications for the associa- 
tion with the etiology of diabetes (13). 
Others have suggested that sex differen- 
ces might exist due to differences in iron 
accumulation in the peripheral muscles, 
which may cause derangement of muscle 
glucose uptake because of muscle damage 
(17,18). However, robust studies on the 
influence of sex on the association be- 
tween serum ferritin and diabetes are 
rather inconsistent. Some have reported 
sex differences in the association (9,18), 
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whereas others have not demonstrated 
this (19-21). Moreover, in those studies 
in which different associations between 
serum ferritin and type 2 diabetes were 
found for men and women, it appeared 
that the direction of the differences varied 
across studies (7-9). 

These discrepancies might be the re- 
sult of differences in the ethnic composi- 
tion of study populations. A first argument 
to support this is a study reporting varia- 
tions in the serum ferritin and type 2 
diabetes associations across men and 
women from different ethnic populations, 
including white, black, Hispanic, Asian, 
and Pacific Islander populations (9). This 
study reported that the association be- 
tween serum ferritin and type 2 diabetes 
differed significantly between the ethnic 
groups among women but not among 
men. Unfortunately, other multiethnic 
studies have not considered differential sex 
effects across ethnic groups (10,19,20). 
Another argument for the potential role 
of ethnicity is a difference in body compo- 
sition that may occur between ethnic 
groups. For instance, in the Netherlands, 
differences in waist circumference or 
waist-to-height ratio have been reported 
among ethnic Dutch, South Asian Suri- 
namese, and African Surinamese (22,23). 
This is relevant, as body composition is 
suggested to affect the association between 
serum ferritin and the insulin resistance 
syndrome (17,18). 

The aim of this exploratory study is: 
1) to test whether the association between 
serum ferritin and diabetes and fasting glu- 
cose differs between men and women of 
African Surinamese, South Asian Surinamese, 
and ethnic Dutch origin, and 2) to test 
whether the differences in the association 
between serum ferritin between men and 
women varies between these populations. 

RESEARCH DESIGN AND 
METHODS 

Study population and data 
collection 

The study population consisted of partic- 
ipants in the population-based Surinamese 
in the Netherlands Study on Health and 
Ethnicity. The study was based on a ran- 
dom sample of 35-60-year-old, noninstitu- 
tionalized people in Amsterdam. Ethnicity 
was defined by self-identification of the 
participant as being Dutch, South Asian 
Surinamese (Hindustani Surinamese), or 
African Surinamese (predominantly of 
Creole origin). When ethnicity was not 
clear by self-identification, the parent's 



country of birth and origin of ancestors 
defined the participant's ethnicity. The re- 
cruitment, participation rates and design 
of the study are described more in detail 
elsewhere (24). In brief, potential partici- 
pants were randomly sampled (n = 2,975) 
from the population register of Amster- 
dam, the Netherlands. Participants were 
approached at home for a structured 
face-to-face interview with a trained inter- 
viewer between 2001 and 2003. The over- 
all participation in the interview was 60%. 
Subsequent participation in the medical 
examination was 84% among the Suri- 
namese and 90% among the Dutch. 
More detailed information on the partic- 
ipation rate can be found in the flow chart 
of inclusion (Supplementary Fig. 1). The 
interview contained questions about life- 
style, migration history, demographic 
variables, and general health status. After 
the interview, the participants were in- 
vited for a physical examination at a local 
health center. In the current study, we 
included 339 South Asian Surinamese, 
596 African Surinamese, and 508 ethnic 
Dutch who completed an interview, 
underwent a medical examination, and 
donated a fasting blood sample in which 
serum ferritin was measured. 

Because no a priori knowledge was 
available regarding our research question, a 
solid priori power analysis could not be 
performed. This fits the explorative nature 
of the study. However, to provide insight 
into the uncertainty of our results, we have 
performed a post hoc analysis to calculate 
the power of demonstrating the observed 
differences in fasting plasma glucose. 
Among South Asian men, the smallest 
subgroup in our analyses, we found an in- 
crease in R 2 of —0.04 due to serum ferritin 
while adjusting for all other variables. The 
power to demonstrate such a difference 
given the number of participants is 
—74%. In the female African Surinamese 
group, the largest subgroup in our analy- 
ses, the power was 98% to demonstrate this 
difference. The power for dichotomous 
variables was slightly lower. Additionally, 
the uncertainty about the true value of the 
parameter of interest is reflected by the 
95% CIs. 

All participants signed an informed 
consent form. The Medical Ethical Com- 
mittee of the Academic Medical Centre in 
Amsterdam approved the study protocol. 

Measurements 

Serum ferritin. During the physical ex- 
amination, the study participants donated 
a fasting blood sample. Serum samples 



were stored at — 80°C until serum ferritin 
was determined in 2010 using an Access-2 
immunianalyzer (Beckman Coulter, 
Woerden, the Netherlands). The inter- 
assay variation coefficient was 6.7% based 
on two quality-control samples (25). 
Type 2 diabetes and fasting glucose. 
Fasting glucose concentrations were mea- 
sured in plasma in 2003 (mmol/L; HK/ 
Glucose-6-P dehydrogenase test; P800 
analyzer; Roche Diagnostics, Indianapo- 
lis, IN). Type 2 diabetes was defined as 
fasting glucose >7.0 mmol/L. Persons 
with a self-reported diagnosis of type 2 
diabetes were also considered to have di- 
abetes mellitus (n = 146). 
Additional measurements. Body weight 
was measured in light clothing on a SECA 
mechanical scale (SECA, Hamburg, 
Germany) to the nearest 0.2 kg, and height 
was measured without shoes using a wall 
tape measure to the nearest 0.01 m. BMI 
was calculated as weight in kilograms di- 
vided by height in meters squared. Physical 
activity was measured using the Short 
Questionnaire to Assess Health — Enhancing 
Physical Activity questionnaire, which 
has been validated for the Dutch popula- 
tion (26). Smoking status was assessed 
by questionnaire, and participants were 
classified into nonsmokers, ex-smokers, 
or current smokers. Self-reported alcohol 
consumption was categorized in five 
groups of alcohol intake: no alcohol, 
minor alcohol, moderate alcohol, exces- 
sive alcohol, and extreme excessive alco- 
hol intake. Blood pressure was measured 
with a validated oscillometric automated 
digital blood pressure device (OMRON- 
M4; Omron Healthcare Europe, Hoofd- 
dorp, the Netherlands) by trained staff. 
Using appropriate cuff sizes, two read- 
ings were taken on the right arm in a 
seated position after the subject had emp- 
tied the bladder and had been seated 
for at least 5 min. Hypertension was de- 
fined as systolic blood pressure >140 
mmHg, diastolic blood pressure >90 
mmHg, and/or using antihypertensive 
medication. 

Data analysis 

Baseline characteristics of the study pop- 
ulation were reported according to sex 
and ethnicity. Differences between 
groups were assessed using x 2 tests for 
categorical data, AN OVA for continuous 
measures, and the Cochrane-Armitage 
test for ordinal variables. The character- 
istics were expressed as percentages, 
means and SD, or medians and ranges. 
Although serum ferritin was not normally 
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distributed, we did not transform this var- 
iable in our analysis. Our models assume 
linearity between the independent vari- 
able (serum ferritin) and the dependent 
variables type 2 diabetes and fasting glu- 
cose and a normal distribution of the log 
odds (logistic model) or the error term 
(linear model). Both assumptions were 
true for both models. 

To confirm the previously reported 
association of serum ferritin with the 
prevalence of type 2 diabetes and fasting 
glucose, logistic and linear regression 
analyses were performed while adjusting 
for sex, age, BMI, hypertension, waist 
circumference, and family history of 
type 2 diabetes, as these factors were 
previously associated with type 2 diabetes 
in the Surinamese in the Netherlands 
Study on Health and Ethnicity (22). We 
also took into account smoking and alco- 
hol use (27,28). In unstratified analyses, 
we added interaction terms to the model 
to investigate whether the association was 



different in men and women. Moreover, 
to further test the consistency of differen- 
ces in the odds of having type 2 diabetes 
or increased fasting glucose across ethnic 
and sex groups, we considered interaction 
based on the combined effect of sex, eth- 
nicity, and serum ferritin (second-order 
interaction). Additionally, in order to com- 
pare our results with previously published 
literature (5,7,8,10,19,20), we repeated the 
analyses with sex-specific quartiles of se- 
rum ferritin concentrations and tested for 
interaction by age. Finally, to verify 
whether the observed associations were 
not explained by differences in the use of 
diabetes medication (insulin/tablets) be- 
tween groups, we added this variable to a 
final model. We used SPSS 18 (SPSS Inc., 
Chicago, IL) for all analyses; the figures 
were extracted using the R statistical 
program. 

RESULTS — South Asian Surinamese 
and African Surinamese were younger, 



had a lower prevalence of smoking, and 
were less physically active than ethnic 
Dutch participants (Table 1). The preva- 
lence of type 2 diabetes was highest in 
South Asian Surinamese (25.4%), fol- 
lowed by African Surinamese (12.6%) 
and ethnic Dutch (6.7%). Serum ferritin 
concentrations were lower in women 
(46.6 ng/mL) compared with men 
(128.3 ng/mL), particularly among those 
of African-Surinamese (48.6 ng/mL) and 
Asian-Surinamese origin (41.7 ng/mL). 

Serum ferritin was associated with type 
2 diabetes among women in the multivar- 
iate adjusted model, but not in men (Table 
2). In addition, serum ferritin was posi- 
tively associated with fasting glucose levels 
in all ethnic groups, except for Dutch men, 
after adjustment of relevant confounders 
(Table 2). The analyses with sex-specific 
quartiles of serum ferritin concentrations 
showed similar results (Table 3). 

To test whether the sex differences in 
the association between serum ferritin 



Table 1 — Baseline characteristics 





Ethnic Dutch (n = 508) 


South Asian Surinamese (n = 339) 


African Surinamese (n = 597) 




Men (n = 251) 


Women (n = 257) 


Men (n= 150) 


Women (n = 189) 


Men (n = 194) 


Women (n = 403) 


Age (years) 


48 (7) 


47 (7) 


44 (7) 


45 (7) 


44 (6) 


44 (6)* 
















Transferrin 
saturation (%) 


28.6(11.1) 


34.1 (11.88) 


30.5 (12.5) 


21.6 (11.1) 


32.6 (11.3) 


24.2 (11.5) 


Serum transferrin (g/L) 


2.7(0.5) 


2.5 (0.3) 


2.7 (0.4) 


3.0 (0.5) 


2.5 (0.4) 


2.8 (0.5) 


Fasting glucose 
(|xmol/L) 


5.4 (4.4-17.3) 


5.2 (3.9-17.8) 


5.7 (4.5-20.6) 


5.5 (3.7-18.1) 


5.3 (3.9-17.8) 


5.2 (3.6-26.1)* 


Diabetes [% (n)] 


7.6(19) 


5.8(15) 


24.7 (37) 


25.9 (49) 


11.9 (23) 


12.9 (52)* 


Family history of 
diabetes (% yes) 


40.8 


43.6 


78.7 


83.1 


53.1 


67.0* 


Systolic blood 


Diastolic blood 
pressure (mmHg) 


82.4(11.1) 


76.0(11.0) 


84.5 (10.8) 


71.3 (10.3) 


85.9 (11.3) 


82.8(12.0)* 


Hypertension (%) 


16.3 






33.2 


43.2 




BMI (kg/m 2 ) 


26.2 (4.4) 


26.1 (5.2) 


26.3 (5.0) 


27.8 (5.3) 


26.2 (4.2) 


29.4 (6.6)* 


Waist 

circumference (cm) 


96 (12) 


88(14) 


95 (13) 


94 (12) 


90 (12) 


95 (15)* 


Current 

smoking (% yes) 


45.8 


43.2 


52.7 


22.6 


58.3 


31.8* 


Physical activity§ 


65.7 


61.5 


60.7 


43.6 


56.2 


57.0* 


Alcohol intake (%) 














No alcohol 


0.8 


4.6 


37.3 


57.8 


16.0 


37.0 


Minor alcohol 


40.4 


45.8 


42.7 


34.2 


56.7 


19.9 


Moderate alcohol 


12.5 












Excessive alcohol 


25.4 


13.4 


4.7 


2.7 


5.2 


4.5 


Extreme excessive 
alcohol 


20.8 


21.8 


3.3 


1.6 


8.2 


2.0 



Data are given as mean (SD), median (range), or percentages. *P < 0.05 for comparison between the ethnic groups. For variables representing ordinal categories, P is 
from the Cochrane-Armitage test. For binary variables, P corresponds to the x 2 test. §Percentage meets the Dutch standard for healthy exercise. 
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Table 2 — Association between serum ferritin (10 points in ferritin increase) and type 2 diabetes and fasting glucose (continuous variable) 
displayed for men and women of three different ethnic groups§ 



Ethnic Dutch South Asian Surinamese African Surinamese 

Men Women Men Women Men Women 

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI 



Diabetes 

Model I 1.03 0.99-1.07 1.08* 1.04-1.13 1.01 0.99-1.03 1.06* 1.02-1.11 1.01 0.99-1.04 1.06* 1.03-1.11 

Model II 1.03 0.98-1.07 1.07* 1.01-1.13 1.01 0.99-1.03 1.05* 1.00-1.10 1.01 0.99-1.04 1.05* 1.01-1.10 

Model III 1.02 0.98-1.08 1.07* 1.01-1.15 0.99 0.93-1.05 1.04 0.97-1.11 1.02 0.99-1.05 1.07* 1.00-1.13 



Fasting glucose 


P 


95% CI 


P 


95% CI 


P 


95% CI 


P 


95% CI 


P 


95% CI 


P 


95% CI 


Model I 


0.01 


-0.11 to 0.03 


0.05* 


0.02-0.07 


0.02* 


0.01-0.04 


0.06* 


0.03-0.09 


0.03* 


0.01-0.04 


0.06* 


0.04-0.09 


Model II 


0.01 


-0.01 to 0.03 


0.05* 


0.02-0.08 


0.03* 


0.01-0.04 


0.07* 


0.04-0.10 


0.02* 


0.00-0.04 


0.06* 


0.04-0.09 



Model I: age, sex, ethnicity, and interactions among sex, ferritin, and ethnicity; model II: model I + BMI, family history of diabetes, physical activity, smoking, alcohol 
use, and waist circumference; and model III: model II + diabetes medication (tablets of insulin). §ORs and (3 coefficients are presented according to sex and ethnicity. 
* Statistically significant. 



and type 2 diabetes or fasting glucose were 
consistent across the different ethnicities, 
we added a second-order interaction term 
to our model. We found no evidence for 
ethnic differences in the association be- 
tween serum ferritin and type 2 diabetes 
among men and women (P for inter- 
action = 0.19). However, we did find 
evidence for a consistently different asso- 
ciation between serum ferritin and fasting 
glucose between men and women across 
ethnic groups (P for interaction <0.0001). 
Further investigation, using linear regres- 
sion modeling (model 2), showed that this 
significant second-order interaction was 
due to a greater difference in the associa- 
tion between serum ferritin and fasting 
glucose among African-Surinamese men 
and women (Fig. 1C). 



In an additional analysis (model 3), 
we adjusted for the use of diabetes med- 
ication; the odds ratios (ORs) were 
slightly attenuated for both men and 
women in all ethnic groups. Nonetheless, 
the sex differences across the ethnic 
groups remained. 

CONCLUSIONS— The association 
between elevated serum ferritin and di- 
abetes or increased fasting glucose dif- 
fered between men and women. Although 
women in all ethnic groups had lower 
mean serum ferritin concentrations, se- 
rum ferritin was more strongly associated 
with diabetes in women compared with 
men. Interestingly, we found that these 
sex differences were not consistent across 
ethnic groups. Specifically, we found that 



sex differences in the association between 
serum ferritin and fasting glucose were 
stronger in the African-Surinamese pop- 
ulation than in the other ethnic groups. 

The finding that mean serum ferritin 
concentrations were markedly lower in 
women compared with men is consistent 
with previous studies (7,13,19). It is sug- 
gested that this lower iron status in 
women is likely attributable to menstrual 
blood loss (13,29). The finding that the 
association between serum ferritin and 
fasting glucose and type 2 diabetes is 
stronger in women than in men is partly 
in contrast with a study of Kim et al. (8) 
among Korean men and women, but is in 
line with three other studies (9,18,30) 
among Chinese, whites, blacks, Hispan- 
ics, Asians, Pacific Islanders, and Native 
Americans. The discrepancy in patterns 
observed by different studies may be 
due to ethnic differences in the associa- 
tion between serum ferritin and fasting 
glucose according to sex, as shown in 
the current study. Also in line with pre- 
vious studies (9,10,21), analyses of sex- 
specific quartiles of serum ferritin 
concentrations (Table 3) revealed a clear 
positive linear trend of sex-specific serum 
ferritin concentrations in the association 
with type 2 diabetes, with a greater increase 
in the odds of type 2 diabetes among 
women. Nevertheless, the mechanisms un- 
derlying these sex differences merit further 
study. Our finding suggests that different 
optimal levels of serum ferritin according to 
sex might exist and that further study on 
the influence of muscle mass, sex hormone 
levels, and possibly body fat distribution 
may be required to clarify this issue (18). 



Table 3 — Additional analysis: ORs (95% CI) for type 2 diabetes according to quartile of 
serum ferritin concentration in men and women 



Quartiles of serum ferritin (ng/mL) 





Quartile 1 Quartile 2 


Quartile 3 Quartile 4 


P value 
(trend) 


Men 


<60.1 60.2-93.9 


94.0-157.5 >157.8 




Model I 


1.00 (reference) 0.77 (0.36-1.63) 


1.15 (0.57-2.3) 1.33 (0.67-2.65) 


0.55 


Model II 


1.00 (reference) 0.65 (0.28-1.50) 


1.22 (0.57-2.61) 1.24 (0.57-2.70) 


0.37 








Women 


<13.4 13.5-29.9 


30.0-57.4 >57.5 




Model I 


1.00 (reference) 1.15 (0.60-2.18) 


1.38 (0.72-2.65) 2.44(1.32-4.51)* 


0.01 


Model II 


1.00 (reference) 1.39 (0.69-2.79) 


1.64(0.81-3.27) 2.52 (1.28-4.96)* 


0.03 


Model III 


1.00 (reference) 1.50 (0.55-4.01) 


1.92 (0.72-5.13) 3.24 (1.28-8.25)* 


0.08 



Model I: age, ethnicity, and interactions between ferritin and ethnicity; model II: model I + BMI, family history 
of diabetes, physical activity, smoking, alcohol use, and waist circumference; and model III: model II + 
diabetes medication (tablets of insulin). * Statistically significant. 
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Figure 1 — Sex differences across ethnic groups (A, ethnic Dutch; B, South Asian Surinamese; and 
C, African Surinamese) in the association of serum ferritin and fasting glucose. Linear regression 
of model II: age, sex, ethnicity, a second-order interaction term (sex/ferritin/ ethnicity) , BMI, 
family history of diabetes, physical activity, smoking, alcohol use, and waist circumference. 
Dotted line, males; straight line, females. (A high-quality color representation of this figure is 
available in the online issue.) 



Importantly, this is the first study to 
show differences in the degree of the sex 
differences, particularly in the association 
between serum ferritin and fasting glu- 
cose across ethnic groups. Although this 
pattern was not as apparent for type 2 
diabetes, our results indicate that the 
strength of this association differs consid- 
erably more between men and women of 
African-Surinamese origin than between 
men and women in the other ethnic 
groups. This may be related to differences 
in iron storage, as one study has indicated 
that, after menopause, serum ferritin lev- 
els in black women show a steep rise, 
which is not seen in women of other 
ethnic groups (13). Unfortunately, we 
could not further investigate this, as data 
on menopause were not available. 

Although our data provide relevant 
information on the association between 
serum ferritin and type 2 diabetes preva- 
lence from a multiethnic population sam- 
ple of middle-aged men and women in the 
Netherlands, the limitations of our study 
merit consideration. First, we only used 
serum ferritin as a marker of iron stores. 
Serum ferritin has been found to accu- 
rately reflect differences in body iron 
stores by age and sex (13). Nevertheless, 
it is important to recognize that although 
serum ferritin is widely used as a marker 
of iron status in epidemiological studies 
(31), the physiological role of serum fer- 
ritin is uncertain (32), and other biomark- 
ers such as nontransferrin-bound iron 
may be needed to evaluate the impact of 
iron on disease development (33). Ele- 
vated serum ferritin concentrations, for 
example, may reflect systemic inflamma- 
tion (34), which is thought to be involved 
in the pathophysiologic mechanisms un- 
derlying insulin resistance and diabetes 
(35). We were not able to investigate 
this in our study, but excluding partici- 
pants with positive inflammation markers 
or by adjustment for inflammation mark- 
ers (interleukin-6, fibrinogen, C-reactive 
protein) did not change the association 
between elevated serum ferritin and insu- 
lin resistance or type 2 diabetes in several 
studies (7,8). Second, we were unable to 
account for patterns of dietary intake in 
this study. Dietary iron intake, in partic- 
ular haem iron from red meat, is one of 
the major determinants of body iron 
stores (36) but may be associated with 
the intake of other nutrients that influ- 
ence the diabetes risk of individuals. 
However, adjusting for dietary variables 
did not change the positive association 
between serum ferritin and risk of type 2 



care, diabetesj ournals . org 



Diabetes Care, volume 36, April 2013 



969 



Serum ferritin and type 2 diabetes 



diabetes among apparently healthy 
women as reported by Jiang et al. (5). 
Last, because this study is based on 
cross-sectional data, our results could 
have been biased when persons with di- 
agnosed/self-reported type 2 diabetes 
changed their lifestyle as a part of treat- 
ment or by any interaction with antidia- 
betic drugs, which may interact with iron 
concentrations (37). The latter, however, 
does not seem likely, as inclusion of di- 
abetes medication in the analysis did not 
affect the observed patterns of the associa- 
tion. Moreover, due to the cross-sectional 
nature, no conclusions can be drawn about 
causality. However, an important role of 
serum ferritin seems likely, as two prospec- 
tive studies have shown an independent 
association between elevated serum ferritin 
and incident diabetes (5,12). 

In conclusion, we showed that serum 
ferritin levels were positively associated 
with type 2 diabetes prevalence and fasting 
glucose in all ethnic groups, but that this 
association varied by sex. Furthermore, we 
found that these sex differences may not 
have the same magnitude across ethnic 
groups. If future studies indeed confirm 
mechanism behind the sex differences in 
the association of serum ferritin with type 2 
diabetes incidence and the differences 
across ethnic groups, incentive would exist 
to monitor iron stores often and to define a 
normal range for body iron stores based on 
disease correlates for men and women 
across different ethnic groups. 
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